Business start-ups are expected to make major contributions to economic growth. However, most of them lack internal business resources that are necessary for survival and growth. Therefore, business and financial networks that provide business opportunity and external resources are essential for the post-entry performance of start-ups. However, previous studies have not explicitly investigated the determinants of network formation. We argue that the formation of business and financial networks by start-up firms depends on founder's human capital measured by university education and work experience, and empirically test it with our original survey data of recent Japanese start-ups. Moreover, we focus not only on the size of such networks, but also their quality measured as the status of major partners. Empirical results show that founder's industry experience for 10 or more years has positive and significant effect on the size of both business and financial networks, while founder's university education positively affects not only the size, but also the quality of both business and financial networks. Moreover, we also find that founder's specific strength and personality also significantly affect network formation. We find no distinct differences between the determinants of business and financial network.
Introduction
Business start-ups are expected to increase competition and contribute to innovation and economic growth (Audretsch et al., 2006) . However, most start-ups are vulnerable to failures for the lack of internal business resources. It is only a small portion of start-up firms that really contribute to innovation and economic growth (Story, 1994a) .
The firm is a pool of various tangible and intangible business resources. Both the quantity and quality of these resources determine the firm's capability and strongly affect the firm's post-entry performance, including survival and growth (Penrose, 1959) . Elfring and Hulsink (2003) argue that entrepreneurial networks support high-tech start-ups in the early stage to discover opportunities, secure resources, and obtain legitimacy, which is important for their survival and performance. Similarly, we assume that transaction networks with business partners and financial institutions not only provide start-up firms with access to external business resources, but also signal their trustworthiness to a third party. Therefore, for small start-up firms with limited internal resources, networks with external organizations are essential for their survival and growth. Several studies demonstrate that entrepreneurial networks contribute to start-up performance. For example, Brüderl and Preisendörfer (1998) confirm positive network effects for survival and growth of new firms in Germany.
Founders of new firms often have to build up and develop such networks, which is, however, by no means an easy task. In fact, a recent survey by the Small and Medium Enterprise Agency in Japan reveals that, for the founders of start-up firms, exploitation of business partners is, together with raising funds, among the most serious difficulties at the early stage (Small and Medium Enterprise Agency, 2002) : 34% of the respondents report that they had difficulty in exploiting customers, while 49% had problem of insufficient internal funds and 33% had difficulty in start-up finance.
Despite such importance, to the best of our knowledge, few empirical studies have been carried out on the formation of business and financial networks by start-up firms. Previous studies on start-up firms regard their network with external organizations as given. In this respect, we argue that founders' human capital plays an important role in establishing business and financial networks of start-up firms. Thus, the objective of this paper is to empirically explore the determinants of early network formation by start-up firms, with special attention to founder's characteristics.
As mentioned above, exploitation of business partners and obtaining external funds are both important issues for start-up firms, but they have been addressed in different fields of literature: marketing and finance. We assume that they are both affected by the characteristics of the founders of start-up firms, but their determinants may be partly different. Therefore, we separately estimate the determinants of business networks with customer firms and financial networks with banks, and compare the results of these estimations. Moreover, we also pay attention to the quality of networks, measured as the status of major partners.
The remainder of this paper is organized as follows. In the next section, we provide a brief overview of previous literature to demonstrate major contributions of this paper. In Section 3, we present conceptual framework and hypotheses. In Section 4, we explain empirical strategy including models and variables for estimation as well as our data and sample. In Section 5, we show estimation results and discuss these results. Section 6 concludes this paper.
Previous literature
Since the seminal work by Birley (1985) , which explored the roles of founder's formal (banks, accountants, lawyers, and public agency) and informal (family, friends, and business contacts) networks, numerous studies have been conducted on the effects of entrepreneurial networks on firm performance (Cromie and Birley, 1992; Ostgaard and Birley, 1996; Hansen, 1995; Brüderl and Preisendörfer, 1998; Chell and Baines, 2000; Witt, 2004) . Also with regard to nascent entrepreneurs, Davidsson and Honig (2003) find that a membership of business networks, such as the Chamber of Commerce, Rotary or Lions Club has a positive effect on their business performance by following their activities for 18 months. Further, Lechner et al. (2006) argue that the "relational mix" of different types of networks is a more important factor for explaining firm development than sheer network size, and demonstrate that the "reputational" network with highly regarded firms or individuals plays an important role at the early stage.
However, these studies do not explicitly investigate the determinants of network formation. Moreover, they mostly focus on social and personal ties of founders or their relationship with providers of professional services such as lawyers, accountants, and business consultants, without explicitly considering the relationships with business partners and banks, or distinguishing them from the founders' social and personal ties.
With regard to firms' networks, several empirical studies have been conducted on the determinants of research collaborations with other firms (including business partners) or research institutes, but, with the exceptions of Colombo et al. (2006) for Italy and Okamuro et al. (2011) for Japan, few studies have focused on start-up firms and on the role of founder's human capital in establishing such networks. Moreover, as far as we know, no studies have explicitly addressed the determinants of business networks with customers or suppliers, although, as mentioned before, networks with business partners may strongly affect start-up performance.
There are numerous studies on financing of small businesses and start-ups. Several studies suggest that financial constraints significantly affect start-up decisions (Evans and Jovanovic, 1989) and post-entry performance (Holtz-Eakin et al., 1994; Becchetti and Trovato, 2002) because access to external funding such as bank loans is limited for start-up firms in imperfect capital market. Therefore, it is essential for the post-entry performance of start-up firms to establish transaction networks with banks.
Some studies have empirically investigated the effects of founder's human capital on the external funding, especially on bank borrowing, of start-up firms, with quite different results. Bates (1990) and Storey (1994b) show that founders with higher education are more likely to use bank borrowings. On the contrary, Astebro and Bernhardt (2003) find that business owners with higher education and rich business experience have lower propensity to depend on bank loans when they started new businesses. Moreover, Cassar (2004) finds with a sample of new businesses from a national survey in Australia that owner's characteristics including gender, education, and industry experience have no effects on external financing, nor bank loans.
However, to the best of our knowledge, no studies have explicitly investigated the effects of founder's human capital on the structure of financial networks, considering the number and the status of banks with which they have financial transactions. The number of trading banks matters for start-up firms because it relates to the amount of available bank loans and also to the bargaining power of start-up firms in financial transactions. Moreover, following the argument by Lechner et al. (2006) , we may assume that also the reputation or status of trading banks is important.
Therefore, this paper aims at filling this gap by empirically estimating the effects of founder's human capital on the formation of both business and financial networks of start-up firms. Moreover, we will consider not only network size, but also network quality or the reputation of network members that may be measured by the "status" of major business partners and banks.
Conceptual framework and hypotheses
Our basic idea is that founder's human capital, including his or her education and business experience, is often the most important resource for small start-up firms. Referring to Fontana et al. (2006) and Okamuro et al. (2011) , we argue that founder's higher (university) education and business experience represent their ability and personal network (in size and quality), and signals their ability to a third party, say, potential business partners or lenders of bank loans 1 .
Therefore, we consider the founders with higher education and longer business experience to have larger business and financial networks than others. Here, we assume that larger network is better for start-up firms because larger network brings more external resources and thus more opportunity to them and the start-ups are less dependent on a specific partner in a larger network, which makes them more vulnerable to exploitation. It may not always be an optimal strategy for start-ups to have as many customers as possible. Rather, some firms may prefer concentrating on a few good customers to transacting with many. However, our sample firms have on average less than 5 customers only, whereas several start-up firms find it difficult to exploit their customers, as we presented earlier. Moreover, start-ups tend to be vulnerable to external shocks because of limited business resources and experience, and increase their customers than depend on a few ones. Therefore, we argue that it would be important for most start-up firms to increase the number of business partners Previous studies focus either on business or financial networks. We assume that both networks can be affected by founders' human capital, but the determinants may differ between them. Therefore, we compare the determinants of business and financial networks by estimating them separately with the same sample.
Based on these arguments, we propose the following hypotheses regarding network size.
H1a: Founders with university education tend to establish larger business network than those without university education. H1b: Founders with university education tend to establish larger financial network than those without university education. H2a: Founders with longer business experience tend to establish larger business network than those with shorter business experience. H2b: Founders with longer business experience tend to establish larger financial network than those with shorter business experience.
Not only the network size may be important for start-up firms. Both business partners (customer firms) and financial institutions are heterogeneous. For example, it may be more prestigious and thus more difficult for start-up firms to become suppliers for large and established firms than small, unknown customers. Similarly, it may be more prestigious and thus more difficult for start-up firms to be financed by the largest banks ("city banks") than by smaller, regional banks or credit associations 2 , because traditionally city banks have concentrated on lending to large and established corporations. Indeed, as shown later, only 9% of our sample firms borrow from a city bank. Therefore, transactions with large and established customer firms and banks, especially city banks, may indicate high quality network of start-up firms. Lechner et al. (2006) suggest that reputational networks with highly regarded firms play an important role for firms' development especially at the start-up stage by signaling their credibility.
In the following part, we regard large and established customers as superior customers and city banks as superior banks, respectively. In the same line, we regard business networks with superior customers as superior business network and financial networks with superior banks as superior financial network, respectively, and distinguish them from other business or financial networks. Based on the above argument, we consider superior networks to be more beneficial for start-up firms than others. Hence, we add following hypotheses regarding the formation of superior networks.
H3a: Founders with university education tend to establish superior business network than those without university education. H3b: Founders with university education tend to establish superior financial network than those without university education. H4a: Founders with longer business experience tend to establish superior business network than those with shorter business experience. H4b: Founders with longer business experience tend to establish superior financial network than those with shorter business experience.
Moreover, we assume that also the founder's evaluated strength in sales, technology, or accounting as well as their personality (active, steady, responsible, serious, sociable, inventive, etc.) affect network formation, and thus control for these characteristics in the estimation. For example, the founders who have distinct strength in sales may have it easier to find customers, while those with accounting expertise may give better impression to bankers than others.
2 City banks can be defined here as the largest private banks in Japan that set up their branches in the whole country. Although there is no legal definition of city banks, usually the following four banking groups are regarded as city banks since 2006: the Bank of Tokyo-Mitsubishi UFJ (BTMU), Sumitomo Mitsui Banking Corporation (SMBC), Mizuho Bank (MHBK), and Resona Bank. The first three groups are also called mega banks.
Network formation with business partners and banks may also depend on firm level characteristics, such as firm age, firm size, industry, and location. For example, it may be easier for larger firms with more track records to find superior customers and to get financed by superior banks. Therefore, we control for these variables in the estimation.
Empirical methods
In this section, we explain our data source, sample firms, and empirical models to estimate the determinants of the "size" and "quality" of business and financial network of new start-up firms.
The sample firms are obtained from the company database of Teikoku Data Bank (TDB), the largest and oldest credit research institute in Japan. The original database covers more than one million business corporations in Japan, most of which are small, unlisted firms. This database contains accounting data as well as detailed information on business transactions with other firms (business networks), financial relationship with banking institutions (financial network), and the firm's president. Thus, it contains all necessary information for our purpose. A distinct feature of this database is that it does not only provide the names of customer and supplier firms, but also their individual company codes, so that we may precisely identify them and collect their company data. The same applies to the lenders of bank loans. However, we cannot obtain information on informal networks including nonpecuniary transactions, political connections, and president's personal ties or social networks.
This database has been available to us since 2008, so that we may construct panel dataset of numerous firms for a couple of years. However, for this paper we use a cross-section sample of most recent available data because information on start-up firms is not necessarily under annual updates. The dates of investigations by TDB range from December 2007 to March 2010. It is noteworthy that we do not necessarily have and use the data on firms when they were founded, but the most recent available data. Such data constraints may induce endogeneity or simultaneity problems, but we use firm level variables just to control for the effects of main variables for founder's human capital.
From this database, we derived new and independent firms that belong to manufacturing, wholesale, and business service sectors, because we focus on business networks of independent firms at the start-up stage with customer firms. Thus, our sample consists of the corporations within three years since start-up that were founded and owned by the current president and excludes the firms in the sectors of consumer services. Our final sample comprises 4,847 firms for the analysis of business network and 6,582 firms for the analysis of financial network.
We have two groups of dependent variables: proxies for network size and quality. We define the size of business and financial networks as the numbers of customer firms and banks with lending relationship, respectively. The quality of business and financial networks is measured by the number of customer firms listed on the stock exchange and the availability of loans from city banks, respectively. Thus, we have four dependent variables for the empirical estimation, among which two represent business networks (size and quality) and another two represent financial networks (size and quality). Table 1 shows the descriptive statistics of the sample firms. Regarding business networks, the average number of customer firms is 4.7 (the maximum is 35). Among the customer firms, we find on average one company listed on the stock exchange (20 at a maximum). Regarding financial networks, the number of lenders of bank loans is 0.47 on average (eight at a maximum), thus a half of the start-up firms obtain no bank loans. Moreover, only 9 percent of start-up firms borrow from a city bank 3 .
As the determinants of the network size and quality, we focus on two types of founders' human capital: education level and business experiences. As a proxy for the education level, we use a dummy variable of whether or not the founder of the firm has a university degree. In our sample, 40 percent of founders have a university degree. As the variables of business experiences, we use the length of founder's experience in the same industry (industry experience) and in the management of firms (managerial experience). Because these variables are available only in three categories (less than 3 years, 3 to 10 years, and 10 years or more, we include two dummy variables for the latter two categories. In our sample, 68 percent of founders have relatively long (10 years or more) industry experience, while founders with managerial experience for 10 years or more are limited to 16%. It is noteworthy that we focus on the president as the founder of start-up firms for the lack of information on co-founders 4 .
We also include several control variables. First, we control for the effects of firm characteristics including firm age, firm size, sector and location on the network formation. Firm age is limited to three years for our sample. Firm size is measured by the number of employees in natural logarithm. Sample firms have on average 6.4 employees. As the variables for sectors, we use sector dummies for wholesale (46%) and business services (38%), taking manufacturing (16%) as the baseline reference. As location variable, we use a dummy variable for metropolitan areas that takes on the value one if the firm is located in Tokyo or Osaka, and zero otherwise. A half (53%) of the sample firms are located in these metropolitan areas. It is noteworthy that, as mentioned before, we do not have the data of the firms when they were founded, but the most recent available data.
Second, other founder characteristics are also controlled for, including age, gender, forte in business, and personality. Founders of sample firms are on average 46 years old at start-up. Female founders are only 6.5%. We use the female founder dummy to control for any possible gender differences. Founder's forte in business is subjectively evaluated by the investigators of TDB, and based on their evaluations, we use dummy variables for being strong in sales (65%), technology (29%), accounting (2%), and administration (24%) 5 . Founder's personality is also evaluated by individual investigators of TDB as multiple choices. From among several items, we use only those that apply to at least 10% of the founders of sample firms: "serious" (47%), "person who gets things done" (33%), "active" (26%), "steady" (24%), "sociable" (19%), "superior planning ability" (19%), "wide personal network" (15%), "responsible" (14%), "visionary" (13%), "technology-oriented" (11%), and "careful" (11%). Founder's characteristics including human capital variables were not observed and documented at the time of starting up new business, but at the latest investigation by TDB. However, we can exactly identify in this database whether or not the president is the founder, and we focus on the firms in which the founder remained the president. Therefore, we regard the variables of founder's characteristics as exogenous, assuming that they are time-invariant at least after start-up.
We present correlation matrix of the dependent and independent variables in the Appendix. We find that the size of business and financial networks have a low coefficient of correlation (0.145), but the size and the quality of business networks are highly correlated (0.696), as well as the size and the quality of financial networks (0.531).
We employ negative binomial models to estimate the determinants of network formation, except for the quality of financial network, because the relevant dependent variables are count data 6 . Regarding the quality of financial network, we use probit model to estimate the probability for a start-up firm to be financed by a city bank because only a small portion of start-ups achieve it, and thus it is more important whether or not a start-up firm is financed by city banks rather than how many city banks finance it. Table 2 presents the estimation results of four models with different dependent variables. Among our hypotheses, H1a and H2a correspond to Model 1, H3a and H4a correspond to Model 2, H1b and H2b correspond to Model 3, and H3b and H4b correspond to Model 4. We show estimated coefficients for Models 1, 2, and 3 (negative binomial models) and marginal effects for Model 4 (probit model). We first report the estimation results of each model on founder's characteristics, focusing on the human capital variables, and then explain the results on firm characteristics.
Estimation results and discussion
With regard to business network size (Model 1), we find that, among founder's human capital, university education and a long business experience (10 years or more) in the same industry have positive and significant effects on the number of customer firms. However, long experience in management (10 years or more) has rather negative and significant effect on business network size. These results support H1a and partially also H2a (with regard to industry experience). Moreover, from among founder's forte and personality, strength in sales, technology, and accounting as well as active, sociable, and serious personality positively affect the size of business network. Founder's age and gender have no effects on the size of business network.
Regarding the quality of business network (Model 2), measured by the number of listed customers, we obtain similar results, except that industry experience and strength in sales and accounting have no more significant effects. It is also similar to the results of Model 1 that the founder's long managerial experience has negative and significant effect. These results support H3a, but not H4a. Similar results to Model 1 can be expected also from a high correlation of the dependent variables (0.696) for Models 1 and 2.
Models 3 and 4 show the results on the size and quality of financial networks, respectively. Similar to the results on business network size (Model 1), we find positive and significant effects of university education and long industry experience, but negative and significant effect of long managerial experience, on the number of trading banks (Model 3). These results support H1b and partially also H2b (with regard to industry experience). It is also common to the estimation results of Model 1 that, among founder's characteristics, founder's strength in sales and accounting as well as active, sociable, and serious personality positively affect the size of financial network. Interestingly, female founders tend to rely on fewer banks, while gender of founders does not affect the other aspects of network formation.
Regarding the quality of financial network (Model 4), university education has positive and significant effect on the probability of borrowing from the largest private banks, while industry experience has no significant effects. Similar to the results of the other estimations, managerial experience is negatively correlated with the quality of financial network. These results support H3b but not H4b.
In sum, among our hypotheses, H1a, H1b, H3a, and H3b are supported, but H2a and H2b are only partially supported (with regard to industry experience but not managerial experience), and H4a and H4b are not supported by the estimation results. In other words, among founder's human capital, university education has positive and significant effects on both the size and quality of business and financial networks, while long industry experience positively affect only the size of business and financial networks. Long managerial experience has rather negative and significant effects on the size and quality of both networks.
Unexpected negative impact of managerial experience on network formation by start-up firms may be explained by different strategies between the founders with and without experiences in management: Founders with managerial experience may know their customer firms and banks well and prefer concentrating their business and banking relationship on fewer, selected partners. However, such interpretation is not consistent with the results that the founders with managerial experience have also lower-quality networks: They have fewer listed customers and are less likely to borrow from the city banks. Another interpretation is that the founders with managerial experience include those who founded a new firm after a business failure. In such case, the managerial experience with business failures may provide negative signals to potential customers and banks. In general, it may be a weakness of this research that we cannot distinguish between intended and unintended results on network size and quality. That is, founders may select or be constrained to small numbers of customers or banks.
Founder's age has no effects on network formation except for the quality of business networks, even after controlling for the length of business experiences: Older founders tend to find more listed corporations as their customers. Moreover, female founders tend to have fewer trading banks, even after controlling for their human capital, but otherwise we find no significant differences in network formation between male and female founders.
With regard to firm characteristics, we find that, as expected, age and employee size of start-up firms are positively and significantly correlated with all dependent variables of business and financial networks. The estimation results also suggest that the size and quality of business and financial networks differ across sectors and location of start-up firms: The firms in the business services sector and in the metropolitan areas have larger and more qualified business networks, but have fewer trading banks, than those in the manufacturing sector and those in the other areas. Probability of being financed by the largest private banks is also higher in the metropolitan areas, but does not depend on business sectors 7 .
It is noteworthy that, as mentioned above, the variables for founder's characteristics can be regarded as exogenous because founder's age, gender, education level, business experiences, and personality are fixed before starting up new firms and so do not change nor affected by network formation after start-up. However, we cannot identify the causality between firm characteristics, such as age and size, and network formation because of data constraints.
As a whole, our empirical results are consistent with the findings of some previous studies on alliance formation in that founder's human capital signals the ability of start-up firms to potential partners (Fontana et al., 2006; Okamuro et al., 2011) . On the contrary, with regard to bank relationship, our results differ from Cassar (2004) that find no effects of new business owner's characteristics on external funding and bank borrowing. Such difference may be attributed to the fact that we use a far larger sample and more variables than Cassar (2004) .
Concluding remarks
Business start-ups increase competition and contribute to innovation and economic growth. However, opportunities for survival and growth are limited for most start-ups because of constraints of internal resources. Transaction networks with business partners and financial institutions can increase their opportunities for survival and growth by providing them access to external business resources. Moreover, reputation networks with highly regarded partners may signal the capability and trustworthiness of start-up firms to a third party, which again contributes to improving their performance.
Indeed, several studies demonstrate that entrepreneurial networks at the early stage contribute to start-up performance. However, to the best of our knowledge, few empirical studies have been carried out on the determinants of network formation by start-up firms. Thus, the purpose of this paper was to empirically investigate the determinants of transactions network formation by independent start-up firms in Japan, using micro data compiled by TDB.
Especially, we distinguished between networks with business partners (business networks) and those with financial institutions (financial networks).
We focused on founders' human capital such as education level and work experience as the determinants of network formation. Estimation results show that university education and a long experience in the same industry positively affect the size of both business and financial networks, while transactions with highly regarded partners (listed companies and city banks) are not supported by a long industry experience of the founders. Moreover, we found certain strength and personality of founders are significantly related to network formation. Finally, we found few major differences between the determinants of business and financial network formation.
Our study may suffer from some constraints of the database. First, there is a latent problem of sampling bias: The TDB database does not cover all start-up firms in Japan, but only a part of them. TDB usually inquires into the firms based on customers' requests. Assuming that the investigated firms came into consideration as business partners or recipients of bank loans, we cannot exclude the possibility that our estimation results may be upper-biased as compared to the population. Second, we used a cross-section sample of start-up firms within three years of operation for lack of panel dataset. In this sense, our analysis is static. It would be more interesting to analyze dynamic development of networks of start-up firms over time (Schutjens and Stam, 2003) . Third, founders' strength and personality, which partly affect network formation, were measured by subjective evaluations of individual investigators. However, it would be difficult to obtain more objective measures on these characteristics of founders. Fourth and last, we do not have any detailed information on the transaction with each partner. Especially regarding banking relationship, information on the conditions of each financing including interest rate, length, and collateral is not available. However, positive effect of university education may be related with these conditions, such as the amount of personal asset that can be provided as collateral.
Despite these remaining problems, our findings may provide some managerial and policy implications. The founders of start-up firms and those who are preparing for starting up new business should be aware that the propensity to establish business and financial networks, which are keys to their success, might be constrained by their education level and business (industry) experience. They should also be aware that their observed strength and personality also play important roles in establishing business and financial networks. Policy makers who are involved in promoting start-up firms should support business and financial matching for those with lower level of founder's human capital, because the founders with higher education and rich business experience have less difficulty in network formation.
Moreover, we may also provide some suggestions for future research on entrepreneurship: First, empirical studies on entrepreneurial network should regard it as depending on founder's human capital. Second, future research on entrepreneurial network should take founder's personality into consideration, because it significantly affects network formation and thus the success of start-up firms.
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